ABSTRACT
Risk factors for FG include increased age, ethanol abuse, immunosuppressive conditions such as diabetes mellitus (DM), steroid usage, malignancies, etc. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Chronic renal failure, prehospital delay time, extent of the affected area, serum-blood urea nitrogen and creatinin level are some of the factors that affected the prognosis of the disease. [7] FG is associated with a mortality rate of 9-43%. [17] [18] [19] [20] [21] [22] [23] [24] The purpose of the present study was to retrospectively analyze the patients' data presented with FG, to compare obtained data with the literature and to investigate the role of "trauma" in the etiopathogenesis of FG.
MATERIALS AND METHODS
A 17-year retrospective study was conducted on 126 patients with FG that consulted to the Department of Plastic and Reconstructive Surgery of Erciyes University Medical Faculty between January 1997 and May 2013. Of the patients, 80 with available hospital records were included in the study. The diagnosis of FG was made on the basis of clinical findings and anamnesis of the patients. Radiologic examinations were performed for the diagnosis of FG in suspected clinical presentations. Patients' data regarding age, sex, presenting features at hospital admission, anatomic distribution, pre-hospital delay
INTRODUCTION
Fournier's gangrene (FG) is an infectious necrotizing fasciitis of the perineal region that progressively spreads along the fascial planes. The necrotizing infection leads to obliterative endarteritis of dermal and subdermal perforating vessels resulting in gangrene of the subcutaneous tissue and the overlying skin. [1] Colorectal region, genitourinary tract and cutaneous flora are the most common sources of the bacterial pathogens in FG. [2] The infection is frequently polymicrobial and synergistic with several aerobic, or anaerobic microorganisms including Escherichia coli, Klebsiella, Staphylococcus, Streptococcus, Proteus, and Pseudomonas species. [3, 4] time, predisposing factors, etiologic causes, treatment modalities, hospitalization time, and mortality rate were evaluated retrospectively. Pre-hospital delay was defined as the time from the onset of symptoms until hospital admission. Clustered data were analyzed statistically by using software package (SPSS for Windows, release 20.0.0; IBM, Chicago, IL, USA). This study was approved by the "Institutional Review Board of Erciyes University Medical Faculty."
RESULTS

Age and Sex
There were 76 male (95%) and 4 female (5%) patients with a male to female ratio of 19:1. The age of the patients ranged from 19 to 82 years, and the mean age was 53.5±13.6 years. The highest incidence of FG was observed in the age group of 50-60 years (n=25, 31.25%) (Fig. 1) and the most affected patients were the males in this age group.
Presenting Features at Hospital Admission
The most common presentations of patients were swelling (n=74, 92.5%), pain (n=42, 52.5%), hyperemia (n=21, 26.25%), purulent discharge from the affected area (n=18, 22.5%), and fever (n=16, 20%) ( Table 1) .
Ultrasonography was the primary chosen diagnostic tool in 33 patients (41.25%) with suspected clinical presentations. Findings typically included marked thickening of the scrotal skin, subcutaneous gas, increased blood supply to the epididymis and testis, increased peritesticular fluid, abscess and hematoma formation.
Anatomic Distribution
The scrotum has been shown to be the most commonly affected area in the patients (n=75, 93.75%). Other affected areas, in decreasing order of frequency were perianal region (43.75%), penis (22.5%), abdominal wall (6.25%), gluteal region (6.25%), pubis (5%), inguinal region (3.75%), vulva (3.75%), sacral region (1.25%), and thigh (1.25%) (These numbers add to more than 100% because some patients had more than one affected area). The incidence of the abdominal wall involvement was 75% in female (3/4) and 2.6% in male patients (2/76). Unilateral necrotic testis was observed in six patients (7.5%).
Pre-hospital Delay Time
The mean pre-hospital delay time of the patients was 5.48±4.55 days (range, 1-25 days). The duration of symptoms before hospital admission was 1 day in 11 patients (13.75%), 2-4 days in 31 patients (38.75%), 5-7 days in 24 patients (30%), and more than 7 days in 14 patients (17.5%) (Fig. 2 ).
Predisposing Factors
Of the patients, 62 had one or more than one predisposing factor for FG. DM (42.5%), smoking (27.5%), and hypertension (16.25%) were the leading ones that followed by benign prostatic hyperplasia (BPH), coronary artery disease (CAD), chronic obstructive pulmonary disease, paraplegia, hemiplegia, ethanol abuse, chronic renal insufficiency, pancytopenia, cachexia, Leriche syndrome, and familial Mediterranean fever, respectively ( Table 2) .
Etiologic Causes
Etiologic causes were identified in 41 patients (51.25%). Trauma (n=20, 25%), colorectal diseases (n=16, 20%), and genito- Traumatic factors were divided into two main groups according to the mechanism of injury: (1) surgical and (2) nonsurgical trauma. Of the patients, 12 had undergone invasive therapeutic procedures within 2 months prior to disease onset including drainage of perianal abscess, hemorrhoidectomy, incisional hernia repair, femoral hernia repair, caesarean section, surgery for penetrating intestinal injury, flap closure of sacral pressure sore, balloon dilatation for BPH, and transurethral resection of prostate (TUR-P).
One of our patients had burn injury of the lower extremities that resulted in unhealed burn wound and one with Leriche syndrome had a trauma that caused by falling on to the hip. Among the patients, farmers were the most common occupational group (n=13, 16.25%) in whom six of them had a history of chronic perineal irritation due to pricking of thorn (Table 3) . (Table 4 ).
Microbiology and Antibiotherapy
All patients received empiric antibiotic regimen intravenously including the combination of a third-generation cephalospo- rin and metronidazole. The most preferred antibiotics according to antibiotic susceptibility results were ciprofloxacin (n=40) and clindamycin (n=34).
Surgical Management
All patients underwent aggressive surgical debridement of the necrotic tissues by the departments of general surgery or urology, averaging 1.55±1.15 operations/patient (range, 1-8 debridements). Serial debridement of the necrotic tissues was required for 24 patients (30%). Time to initial debridement from the disease onset was ranged from 1 to 29 days with a mean value of 6.05 days. Debridement was performed in the same day of hospital admission in 60 patients (75%) (Fig. 3) .
Orchiectomy was carried out unilaterally in six patients (7.5%) due to presence of necrotic testis. Radical vulvectomy was performed in one of the female patients due to grossly necrotic external genitalia.
Colostomy was performed in 12 patients (15%) for fecal diversion who had a high risk of fecal contamination in the presence infected anal sphincter, or large perianal defects. Urinary diversion is provided by suprapubic cystostomy in seven patients (8.75%) because of urethral involvement that resulted in urinary extravasation.
We could not apply any reconstructive technique in one of the consulted patients due to rapid mortal course. The distribution of the reconstructive techniques shows that performing primary closure alone (n=27, 33.75%) was the most common technique used for all patients. The others were listed in Table 6 .
Hospitalization Time
The 
Mortality
Of the patients, three exhibited a mortal course due to sepsis and multi-organ failure. The mortality rate of patients with abdominal wall involvement was 40% (2/5) in whom one of them was male and one was female.
DISCUSSION
The scrotal gangrene was published for the first time by Baurienne in an article named "Sur une Plaie contuse qui 
Antibiotic n
Ciprofloxacin 40
Clindamycin 34
Ornidazole 10
Cephaperazon-sulbactam 8
Amicasin 5
Imipenem 5
Metronidazole 5
Piperacillin No. of patients s'estterminée par le sphacele de tout le scrotum" (1764). [25] Jean Alfred Fournier, the French venereologist after whom the term "FG" was named, reported five cases that presented with fulminant gangrene of the scrotum and penis (1883-84). [26, 27] Fournier described the most important criteria of the disease as sudden onset of painful scrotal edema in healthy young males, rapid progression into the gangrene and absence of an etiologic cause. [26, 27] Since then, the epidemiologic properties, clinical features and incidence of FG have changed dramatically. The incidence of the disease has increased toward the end of the 20th century. In the literature, there were 209 reported cases of FG from 1764 through 1950. It was 177 from 1951 through 1978, 449 from 1979 through 1988; and 1100 from 1989 through 2000. [3, 28] Increased incidence of chronic illness as a result of the aging population may be the explanation for the rise of FG now-a-days. [3] FG is not a disease limited to young males as originally thought by Fournier. [26, 27] The previous reports suggested the highest incidence of male patients in the 6th decade of life. [29] [30] [31] [32] [33] Even with the lower incidence rates, the disease was found in females and in all age groups of childhood including newborn and infancy periods. [33] [34] [35] [36] [37] [38] [39] [40] The results of the present report were in agreement with the literature regarding age and sex. The most affected patients were the males aged between 50 and 60 years. There was predominance of male patients over females, with a male:female ratio of 19:1, which was reported between 2.5:1 and 171:0 in the literature. [3, 5, [40] [41] [42] According to Ferreira et al., the incidence of FG is lower in female patients because of better drainage of the genital secretions due to the vaginal tract. [29] But, once the FG is established, the female gender, which is an advantage in terms of disease incidence, becomes a risk factor in terms of mortality. The direct extension of the infection intra-abdominally through the Fallopian tubes may yield to fatal peritonitis and multi-organ failure in female patients. [43] In consistent with this data, abdominal involvement (75%) and mortality rate of female patients (25%) were higher than males in the present report.
FG is no longer considered idiopathic since the pathologic features of the disease are well-defined and portals of entry for causative microorganisms are well-known. There are reported etiologic causes such as colorectal carcinoma, [44, 45] sigmoid carcinoma, [46] perianal/perirectal abscess, [5, 29, 47, 48] ruptured appendicitis, [49, 50] sigmoid diverticulitis, [51] Bartholin gland abscess, [2, 5, 6] renal abscess, [52] urethral stone, [53] urethral stricture, [13, 54] etc. The most common etiologic cause was perianal abscess (11.25%) in a total of our cases that followed by chronic perineal irritation (7.5%) and surgically drainage of perianal abscess (3.75%) ( Table 3 ).
In the literature, urethral catheterization, [55] vasectomy, [56, 57] prostate biopsy, [58] neonatal circumcision, [35, 38] hernia repair, [59, 60] hemorrhoidectomy, [61] episiotomy, [62] [63] [64] and hysterectomy [43] were reported as surgical; anal intercourse, [65] coitus, [26, 66] urethral [67, 68] or anal foreign body, [69, 70] penile selfinjection with cocaine, [71] heroin injection into the femoral vessels [22] and mechanical erection aid device usage [4] were reported as the non-surgical traumatic causes for FG. The source of the pathogens may be colorectal region, genitourinary tract or cutaneous flora with respect to the mechanism of trauma.
In the present report, traumatic factors were responsible in 20 patients (25%). Twelve cases developed FG after invasive procedures within 2 months prior to disease onset including drainage of perianal abscess, hemorrhoidectomy, incisional hernia repair, femoral hernia repair, surgery for penetrating intestinal injury, flap closure of sacral pressure sore, balloon dilatation for BPH, and TUR-P. Furthermore, there was a female patient with extended abdomino-perineal involvement of FG in the week following a cesarean section (Table 3) . Interestingly, six of the patients that engaged in farming defined chronic perineal trauma due to pricking of thorn while working in the field.
One of our patients was referred to the emergency department with fever, pain, and swelling with gangrenous perineal skin. He had undergone aortobifemoral by-pass grafting for Leriche syndrome five months ago and had a trauma that was caused by falling on to hip in the previous week. After wound debridement, a modified pudendal thigh flap was performed in the treatment of the perineal defect successfully. [72] Leriche syndrome is an aortoiliac occlusive disease with a decreased blood flow to the pelvic region [73, 74] in which a successful aortobifemoral by-pass grafting restored the circulation of the lower extremities to an almost normal state. In this case, diminished blood flow to the pelvic region due to by-pass occlusion and inoculation of the cutaneous flora to the deeper tissues as a result of pelvic trauma were considered as the triggering factors for FG. This case was the excellent example for the association of vascular occlusive diseases and trauma in the etiopathogenesis of FG.
In our opinion, as a result of surgical or non-surgical trauma, seeding the causative microorganisms to the subcutaneous tissues due to disruption of skin and mucous membranes' integrity and extension of the infection through the fascial planes is the physiopathological explanation for FG. Additionally, comorbidities that resulted in immunosuppression, tissue ischemia, and oxygenation disturbance increase tendency to the disease. The studies concerning the effect of trauma in the etiopathogenesis of FG date back to the 18th century. In 1764, Baurienne reported a 14-year-old case with FG secondary to being gored by an ox's horn. The patient presented with clinical signs and symptoms directly attributable to FG including pain and gangrenous scrotum. The patient recovered after a prolonged hospital course with secondary intention of the wound following serial debridements. [25, 75] Identified risk factors for FG are as follows: increased age, ethanol abuse, immunosuppressive conditions such as DM, steroid usage, malignancies etc. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] According to the literature, [6, 16] the most frequent pre-existing comorbidity was DM in the present report (n=34, 42.5%). Controversy still exists as to whether or not DM is associated with poor prognosis in FG. In contrast to previous reports [5, 16, 76] Steinman et al. [77] defined DM as a statistically significant factor when associated with bad prognosis. Immunocompromision due to impairment of neutrophil functions [78] and tissue ischemia due to micro-and macro-angiopathies, increase tendency to FG and other infectious diseases in diabetic patients. [12] In addition, 28 of our patients had comorbidities including smoking, CAD, ethanol abuse, Leriche syndrome, and FMF that leaded to vascular occlusive diseases, tissue ischemia and decreased host defense, as well as DM.
FG is a polymicrobial and synergistic infection in which aerobic and less frequently anaerobic microorganisms may be identified. [2] According to the literature, [2, 7, 44, 79, 80] E. coli was the most frequently identified microorganism (n=43, 53.75%) in the present report. Due to the rapid progression of necrotizing infection, use of double or triple wide-spectrum antibiotics initially are necessary to bring the infection under control. [48] The most preferred antibiotics according to antibiotic susceptibility results were ciprofloxacin and clindamycin in the present report (Table 5) .
Scrotum was the most affected anatomic location that followed by perianal region in this series. As described in the literature, [56, 81] abdominal wall (n=5, 6.25%), and thighs (n=1, 1.25%) were areas in which the necrotizing infection was observed less frequently. Furthermore, the incidence of the abdominal wall involvement was higher in females when compared with males. The necrotizing process may extend to the abdominal wall due to the continuity of perineal colles' and abdominal Scarpa's fascia. [6] In agreement with the report of Unal et al., [78] mortality rate was higher in patients with abdominal wall involvement (40%). The explanation may be that involvement of the abdominal wall leads to larger defects that resulted in worst clinical condition, need for more challenging reconstructive techniques, and thus higher morbidity and mortality rate.
The testes are rarely affected in FG due to their separate blood supply [2] and incidence of orchiectomy due to gangrenous testes ranges 10-30% in the literature. [8, 15, 21] In six of our cases, testes were evaluated as necrotic that required unilateral orchiectomy. In our serial, preventive colostomy was performed in 12 patients (15%) who had a sphincteric infection or high-risk of fecal contamination due to large perianal defects. In addition, suprapubic cystostomy was performed in 7 (8.75%) of our patients due to urethral involvement and urinary extravasation. Despite of reported higher mortality rates in patients in whom colostomy and/or cystostomy were performed, [41, 82, 83] non-survivors of this series had neither colostomy, nor cystostomy.
The diagnosis of FG is generally based on clinical findings during hospital admission. Radiologic examinations such as ultrasonography, plain radiographs or computed tomography may assist as a diagnostic tool. In the present report, ultrasonography was chosen primarily to support the diagnosis in suspected clinical presentations. Morrison et al. reported the pathognomonic ultrasonographic findings for FG as the thickening of the scrotal skin and subcutaneous gaseous accumulations. [84] Following diagnosis, immediately performed surgical debridement of the necrotic tissues, systemic anti-biotherapy and adequate fluid replacement are of the essence in the treatment of FG.
The main purpose of the surgical debridement is to remove devitalized tissues and to prevent the progression of the necrotizing infection and sepsis. The necrotic tissues should be debrided aggressively until viable tissues were encountered. [85] Aggressive surgical debridements can result in major perineal, thigh, or abdominal skin loss, which poses a significant challenge to reconstructive surgeons. [86] The timing of surgical debridement in cases of FG is an important factor for the prognosis of the disease. Pre-hospital delay time and ability of the patient to tolerate a surgical procedure are some of the factors that affect the timing of surgical procedure. In the present report, time to initial debridement was 5.76±4.58 days for survivors and 6.66±8.14 days for non-survivors that showed statistically no significant difference.
Delayed hospital admission was associated with the higher mortality rate in the previous reports. [5, 41, 47, 81] However, Laor et al. [87] and Moorthy et al. [88] affirmed that there is presently no strong evidence for either acute or delayed hospital admission with the prognosis of the disease. The pre-hospital delay time was not significantly different between survivors (5.45±4.50days) and non-survivors (6±5.7 days) in the present report.
Reported mortality rates of FG are ranged between 9% and 43% in the literature. [14, [17] [18] [19] [20] [21] [22] [23] [24] Lower mortality rate of the present report (3.75%) may be explained by the unconsulted patients from other departments due to rapid fatal course.
Cutaneous defects due to FG require challenging aesthetic and functional reconstruction. Skin grafts, muscle flaps, musculocutaneous flaps, and fascia-cutaneous flaps [89, 90] have been used for this purpose, but a satisfactory functional and esthetic outcome is rarely achieved. The extent and the location of the cutaneous defect are the crucial factors in the selection of the most appropriate treatment option. [91] In the present report, variable reconstructive techniques were performed in order to close the cutaneous defects. Primary closure (n=27, 33.75%) was the most common technique used for all patients, followed by the skin grafting, scrotal flap, pudendal thigh flap, super-thin groin island flap, gracilis musculocutaneous flap, abdominal advancement flap, and groin flap, respectively (Table 6 ). It has been suggested that using skin grafts to reconstruct larger defects will reduce the hospitalization time and provide a thinner covering. [89] In addition, the texture of external genitalia that provided by skin graft are usually far from being natural due to the possibility of scar contracture and synechiae. In our opinion, skin grafting is useful due to its simplicity and reliability and helpful in thermoregulation of the testes. Forming scrotal neo-septum by suturing the sides of the testes facing each other and covering them with a skin graft provide more natural-looking results in cases with bilaterally exposed testes (Fig. 4) .
Scrotal flap is useful for repairing small to medium-sized defects of the scrotum and provide a perfect cover for the exposed testes in terms of aesthetics and functionality. Thin and unstretched coverage is obtained by dissecting the scrotal skin laterally. In cases with inadequate scrotal flap dimension, testes were buried in thigh pockets for facilitating the closure of the wound. Salvage of the testes by burial is associated with detrimental psychological effects and has been shown to have a negative impact on spermatogenesis. [92] Bilaterally expanded super-thin groin island flap is an alternative technique in the closure of extensive perineal defects and maintains almost a suitable, thin cover. Large defects can be closed by this technique without achieving a bulky flap formation in the scrotal and penile region. On the other hand, it provides significant benefit in thermoregulation of the testes. The disadvantage of this flap is that it requires tissue expansion and two operative sessions for closure of the defect. [91] We performed this flap in two of our patients without any complications. The gracilis musculocutaneous flap was performed in two of our patients with large defects of the perineal region. The main disadvantage of the gracilis musculocutaneous flap is the bulky nature of the flap and the necessity to use a functional muscle. [93] Pudendal thigh flap is satisfactory functionally and cosmetically. Some of its advantages are that (a) ability to easy application, (b) resulting in an inconspicuous linear scar in the donor site, and (c) having a reliable blood supply. [94] We used pudendal thigh flap in seven of our patients in this series. We only experienced minimal necrosis in the distal end of the flap in one patient, minimal wound dehiscence in two patients that healed by conservative means. 
Conclusion
